Introduction
Herpes simplex virus infections are among the most common infectious diseases in humans (1) . Infections with HSV types 1 and 2 are widespread in all human populations and result in persistent and latent infections. While HSV-1 is commonly responsible for orofacial infections and is usually transmitted during childhood and adolescence, HSV-2 is more likely to cause genital lesions (2, 3) .
It is interesting that strong associations were recently observed between herpes infection and human immunodeficiency virus (HIV) seropositivity (4) (5) (6) (7) , and data on herpes infection antibody status may be useful in predicting those at greater risk of acquiring and transmitting HIV infection and may thus be valuable in guiding future efforts aimed at HIV (7) .
The prevalence of HSV-1 infections overall and by age varies markedly by country, regions within a country, and population subgroups (8) . Reliable data on the prevalence of HSV-1 serum antibodies provide an epidemiological measure of the population burden of these infections. Information on ageand sex-specific prevalence of herpes virus type 1 infections are essential in order to optimize herpes control strategies, which are growing in importance since accumulating data indicate that morbidity resulted from herpes infection shows increase.
The prevalence of HSV-1 varies widely across the world, although there have been no studies representing the seroprevalence of HSV type 1 generally in Turkish society (8) .
The aim of this study was to determine the age and sexspecific seroprevalence of HSV-1 infection in the general population of the Black Sea region of Turkey using the Virus Neutralization Test (VNT), the effectiveness of which was confirmed in our previous study (9) .
Materials and Methods
Between March 1 and April 30, 2007, 1072 blood samples taken for routine examinations in pediatric and adult outpatient clinics were randomly collected and examined by the virus neutralization test (VNT) from male and female subjects aged 5-84 years who applied to university hospital outpatient clinics for various reasons in the Black Sea Region of Turkey. The study was designed in accordance with the Helsinki Declaration and Good Clinical Practice guidelines and approved by the Institutional Ethical Committee.
The sera were divided into 12 different age groups; Group 1, age 5-9; Group 2, age 10-14; Group 3, age 15- According to recent data, the average age for the first experience of sexual intercourse in Turkey is 17.59 years for men and 19.05 for women (10) . We regarded the group consisting of children and adolescents aged between 5 and 19 as sexually inactive, and individuals aged 20 and above as sexually active. Overall, these latter were referred to as the adult group, and were then further subdivided by gender into an adult male and an adult female group.
Blood samples were taken from children and then centrifuged at 3000 rpm for 20 minutes at 4ºC, and serum was duly obtained. After centrifugation, each serum specimen was poured into another tube (Eppendorf, Germany), heat inactivated at 56°C for 30 minutes and stored at -20ºC until testing.
Human laryngeal epithelial carcinoma cell line (HEp-2) was grown in a 75-cm 2 cell culture flask (Orange Scientific, Belgium) in Eagle's minimum essential medium (EMEM, Sigma GmbH, Germany) with 5% fetal calf serum (FCS, Sigma GmbH, Germany) and 1% penicillin/ streptomycin (Biochrome, KG) used for cell culture.
The KOS strain of HSV-1 was used in this study. Virus stock was prepared by infection of HEp-2 cells and incubation in EMEM containing 2% fetal calf serum at 37°C in 5% CO 2 .
The infectivity value (TCID 50 ) of the virus was calculated using the microtiter technique on HEp-2 cells according to the Karber formula (11) , and to determine the prevalence of IgG antibodies against HSV-1, we used the Virus Neutralization Test (VNT) protocol described by Frey and Liess (12) .
Statistical Analysis
All statistic analysis evaluations were performed by SPSS/ Windows Version 17.0, SPSS Inc., Chicago, IL, USA. Seropositivity proportion and linear trend of groups was compared using chi-square test and p<0.05 values were considered statistically significant.
Results
The overall HSV-1 seroprevalence was 59.7% (640/1072). Tested samples were separated by age and sex into adult females, adult males, and children and adolescents. Of the 1072 participants, 377 (35.2%) were male and 509 (47.4%) were female, with 186 (17.4%) children.
HSV-1 seroprevalence of the 12 age groups (Comparison of Linear Trend) is presented in Table 1 . In Group 3 (age 15-19) seropositivity was significantly higher than that in Group 4 (p=0.0333), and Group 10 (age 50-59) age group seropositivity was significantly lower than that in Group 11 (p=0.0249). All other age group seropositivity levels were similar (p>0.05).
Most of the positive samples for anti-HSV type I antibodies presented low titers (77.04 % for titers of 1:32 and less), high titers (1:128 and above) being more rarely observed (in 7.19% of cases) ( Table 2) .
When the high titers of anti-HSV type I IgG seropositivity for all age groups were compared, no difference between age groups was determined (p>0.05). In addition, the distribution of the other antibody titers was similar between age groups (p>0.05) for all titers ( Figure 1 ).
Overall HSV-1 seroprevalence was 58% in males (283/490) and 61% in females (357/582) (p>0.05). Similar gender distributions were determined in all age groups ( When the data were re-evaluated in the light of the population's sexual activity, HSV-1 seroprevalence was 67.2% in the children and adolescent groups (125/186),and 58.1% in adults (515/886) (59.9% in adult females (305/509) and 55.7% in adult males (210/377)). The only significant difference was that between the children-adolescent group and the adult male group (p=0.011), all other levels being similar, and no differences were determined between groups (Figure 2 ).
Discussion
We studied the prevalence of antibodies against herpes simplex viruses type I by using the VNT method, in the general population of the Black Sea region of Turkey. Patients applying to the university outpatient clinics between March 1 and April 30, 2007, were included in the study. Since we did not access the patients' medical records we cannot be sure whether any And over Seropositivity (%) particular diseases may have increased the frequency of HSV infections in the study. Our study could not be fully representative of the population in general. However, the conclusions we drew concerning age distribution and serotype specificity are not affected by this limitation. Overall HSV-1 seropositivity was 59.7%. Relatively few data have been published regarding the seroprevalence of herpes simplex infection in the Turkish population. Dolar et al. (13) reported that the prevalence of HSV-2 and HSV-1 antibodies was 4.8% and 85.3%, respectively, in sexually active adults; 5.5% and 96% in blood donors; 5% and 98% in pregnant women, 17.3% and 93.6% in patients with genital warts; 8.3% and 97.3% in hotel staff; and 60% and 99% in sex workers. Their results are higher than ours. However, they investigated the prevalence of HSV-1 and HSV-2 in selected populations in Turkey, especially in high-risk groups. We consider that our results are a more accurate reflection of the general population status of Turkey.
Turkey straddles two continents, Asia and Europe. Different levels of HSV-1 seroprevalence have been observed in the general populations of Turkey's neighbors. The highest age-standardized HSV-1 seroprevalence was observed in Bulgaria (83.9%) (14) . In Greece the level was 72% (15) . Among healthy individuals in Syria, the highest prevalence of HSV-1 antibody was observed in the >30 year subgroup (94% in males and 95% in females) (16) . No data regarding HSV-1 seroprevalence were found from Turkey's other neighbors (Iraq, Iran, Armenia and Georgia). When those known HSV-1 seroprevalences in neighboring countries were compared with our results, the lowest overall HSV-1 infection seropositivity was determined in Turkey (59.7%).
Secondly, considering the sexually inactive population in Turkey (10), our results show that HSV-1 infections occur in early in life in Turkey, as 67.2% of subjects aged 5 to 19 had specific antibodies. HSV-1 prevalence was reported as particularly high in children from Eriyeria in one study; 97% of those >5 years old were HSV-1 positive (17) . Among New Mexico Navajo children, HSV-1 prevalence was 79% in those aged 1-5 (18) . Similar results were found in Syria (55% among children aged 1-5) (19) . In Germany, HSV-1 prevalence was lower in children aged 1-5 (31%), rising to 46%-49% among those aged 6-16 (20) . Among hospital patients in Israel, HSV-1 prevalence in children aged 2-4 was 38%, and 54% among those aged 15-17 (21) . In England and Wales, HSV-1 prevalence was 46%-49% among newborns, probably reflecting, at least in part, maternal antibody status, and 17%-27% among children aged 1-14 (22) . In a cross-sectional study of 0-19 year old Swedish children in 2003, HSV-1 seroprevalence was 31% (23) . In a European study using samples collected in 1989-2000, the seroprevalence for HSV-1 for the 5-9 age group in Belgium, England and the Netherlands was 25%-35%; seroprevalence for the 0-19 age group in Bulgaria was 14%-15%, compared to 23%-27% in the Czech Republic, 23%-27% in Finland and 12% in Slovenia (14) . Another recent study from Israel reported that the seroprevalence of HSV-1 increased with age in both sexes, reaching 57% by the age of 18 (24) . There is a wide global variation in HSV-1 seropositivity in children and adolescents. This may be due to different socioeconomic status, life styles or association with different infections, such as HIV. Having evaluated these data, a modest seropositivity was determined among children and adolescents in Turkey. In most studies, however, HSV-1 seroprevalence either increases consistently with age across the age spectrum or else reaches a plateau after 30. No such trend emerged from our results, and a more homogeneous distribution of seropositivity levels in HSV-1 Seropositivity (%) different age groups was observed, with two exceptions. In the 15-19 age group seropositivity (68.97%) was significantly higher than that in the 20-24 age group (50%) (p=0.0333), and seropositivity in the 50-59 age group (53.66%) was significantly lower than that in the 60-69 age group (62.73) (p=0.0249). All other age group seropositivity levels were similar (p>0.05).
In addition, when we compared HSV-1 seropositivity levels according to age at first sexual activity and to gender, the levels among the sexually inactive age group (67.2%) and among sexually active adults (58.1%) were high, but not significantly different. When we compared the sexually inactive age group seropositivity with adult groups; sexually inactive age group seropositivity was higher, but not significantly different from adult females (59.9%), although significantly different from adult males (55.7%). The earlier increase in HSV-1 seroprevalence in women observed in this study reflects the higher risk of genitally acquired HSV-1 in young women (25) (26) (27) (28) (29) (30) , which may reflect age-specific mixing patterns, with women having male partners on average older than themselves. The highest level, however, was determined in the sexually inactive age group. This is not in agreement with results obtained from other countries. This may again be due to changing life styles and environmental conditions, but maybe also to an increasing trend in HSV-1 infection or recent burden of infection. When we analyzed different seropositivity titers for different age groups, we determined that high, intermediate and low titers were similarly distributed between the different age groups. In addition, overall high titers of seropositivity that may be regarded as recent or active infection status were observed at much lower levels (7.19% for 1:128 and higher antibody titers) than the overall low titers of seropositivity that may be regarded as longstanding infection (77.04% for 1:4-1:32). However, given the possible infection burden among the children and adolescent age group, high titer seropositivity among the children and adolescent age group might be expected at much higher levels than in other age groups, but our results suggest steadily progressing infection over a long time rather than such a potential infection burden.
Determining the etiology of high HSV-1seropositivity among children and adolescents will be of great importance in the future. There is no doubt that, whatever its causes, HSV-1 is a very dangerous infection and effective measures should be taken, such as first determining the underlying etiological causes of high HSV-1 seropositivity.
When we compared overall HSV-1 infection according to gender, 58% in males (283/490) and 61% females (357/582), no significant difference was determined (p>0.05). Gender distribution of seropositivity of HSV-1 antibodies was also similar for all age groups (p>0.05).
Conclusion
This study is the first cross-sectional and community-based investigation of the seroprevalence of HSV-1 IgG antibodies in the general Turkish population as opposed to studies of specific groups.
Overall HSV-1 seropositivity was lower compared to other countries in Europe, Asia and Africa. In the child age subgroup, HSV-1 infection seropositivity may be regarded as normal to high compared to neighboring countries. This difference may be significant, because childhood is followed by adolescence, and sexual activity begins during that period. Adolescent pregnancies that may occur during active HSV-1 infection may be complicated by serious problems. This may also be a sign of an increasing trend of HSV type 1 infection in this age group and may be the first step in a burden of infection. This potential risk should be monitored by periodic checks and some control measures should be taken, such as education of this age subgroup, and also HSV vaccination of adolescent girls in order to reduce the mortality and morbidity of HSV infection.
